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ABSTRACT
Increasing temperatures are expected as the climate crisis progresses. This crisis is fueled by the
increasing amount of greenhouse gas emissions being released into the atmosphere, which trap
heat in the environment. With rising temperatures, more extreme heat events threaten multiple
sectors of society including public health. To gain insight into future climate issues related to
warming temperatures and public health for people living in Lincoln, Nebraska, this research
will evaluate the predicted extent of extreme heat for this area and consider what other relevant
regions do to deal with these problems. This study identifies the scope of future extreme heat by
using two climate projection tools, the Climate4Cities Sister City Tool and the Climate Explorer
Tool. The framework of the study used two timeframes, a near future (2021-2050) and a farther
out future (2051-2080), and two emission scenarios, RCP 8.5 and RCP 4.5. Each projection
showed an increase in the summer minimum temperature, the summer maximum temperature,
and the average annual temperature for Lincoln, Nebraska. This implies that extreme heat is a
concern Lincoln will be facing in the future. Currently, the majority of cities in the United States
do not have heat action plans in place to protect citizens. Using recommendations from the
Centers for Disease Control and Prevention, the discussion portion also considers the possible
adaption of heat prevention guidelines to implement in future city plans for Lincoln.
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INTRODUCTION
Municipalities provide a variety of public services for their citizens. The public health
sector is a service that aims to support and protect residents’ health and promote healthy
lifestyles (Tolchinsky et al., 2020). Generally, this public entity has had to expand to cover more
potential issues as circumstances increasingly threaten the well-being of the larger population.
One of these rising threats is the climate crisis. Climate change is a wicked, multifaceted
problem; it is a scientific race against emissions and a deteriorating environment. This crisis is
fueled by the increasing amount of greenhouse gas emissions being released into the atmosphere,
which trap heat in the environment. Although climate change is affecting a number of sectors,
from a public health perspective, increasing temperatures are associated with a number of direct
and indirect impacts including heat stroke, heat exhaustion, and the worsening of chronic
conditions (Sarofim et al., 2016).
Due to the interconnectedness of climate issues, extreme heat related impacts on one
system can create a cascade of effects resulting in strains and increased risks on other systems
like food production and distribution, water resources, energy, trade and more (Fourth National
Climate Assessment, 2018). More specific to cascading events from extreme heat, the Fourth
National Climate Assessment warned that increasing air and water temperatures spur more
extreme weather events, which can cause increased waterborne and foodborne diseases.
Additionally, cold-related deaths are projected to decline, while heat-related deaths are predicted
to skyrocket and the distribution of disease vectors are forecasted to expand (Fourth National
Climate Assessment, 2018). Finally, low-income and at risk populations (encompassing children,
pregnant women, the elderly, and those with chronic or preexisting medical conditions) are
expected to disproportionately experience these negative effects which requires adaptation and
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mitigation policies to support these communities (Fourth National Climate Assessment, 2018).
The World Health Organization also warns about the interconnectedness of climate crisis issues
and their potential to create unanticipated or unprecedented health problems in areas they had not
previously occurred (Sarofim et al., 2016).
The climate crisis is already beginning to affect the health and well-being of people as
climate related consequences (including extreme heat and weather events) are projected to
worsen. In fact, the first key message from the Human Health Chapter of the Fourth National
Climate Assessment states, “Climate Change Impacts the Health of All Americans” (Fourth
National Climate Assessment: Chapter 14, 2018). Because of this, it is important to explore the
potential effects of climate change on public health in all regions of the country. In my study, I
seek to better understand the potential effects of extreme heat due to climate change on public
health for those living in Lincoln, Nebraska. Lincoln, which is home to over 280,000 people, is
located in the Great Plains region of the U.S. (U.S. Census Bureau, 2018). Compared to the
coastal areas of the U.S., there is a much lower population in the Midwest and Great Plains;
however, society relies on the working citizens, agriculture, and economy of the region (Hatfield,
2012). Although the adverse health effects due to extreme heat have not been as evident in the
Lincoln area, the continued increase in temperatures due to climate change is a concern that
poses challenges for water, land, and energy resources, in addition to public health (Fourth
National Climate Assessment: Chapter 22, 2018).
Lincoln experiences a wide range of weather and climate extremes due to its climate. The
Lincoln area falls into the hot- summer humid continental climate category, as stated by the
Köppen climate classification map, which indicates that the area experiences a large contrast in
seasonal temperatures (National Geographic Society, 2019).
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Historically, flooding has been a prevalent problem that has, at times, jeopardized the
water quality and supply to multiple cities in Nebraska, including Lincoln. Most recently in the
spring of 2019, historic flooding caused devastation that affected almost 14 million people across
the country, Nebraska included. Figure 1 shows the extent of this historical flooding event in an
area near Lincoln (Almukhtar et al., 2019). During this flooding event a water restriction was put
in effect for the city of Lincoln because the city’s water supply, which is located along the Platte
River to the north, was impacted by the flooding waters (Hicks, 2019).

Figure 1: Aerial photos capture the differences in water levels that had occurred near the Offutt
Air Force Base (55 miles northeast of Lincoln) in one year because of flooding (Voiland, 2019).

Droughts are also a familiar occurrence in the Great Plains. Intense drought events are
known to create a “positive feedback” which can further reduce precipitation events because of a
lack of plant growth in an already dry region (“Center For Climate and Energy Solutions,”
2020). In the past, the 1930s Dust Bowl largely affected the Great Plains and spurred Nebraskans
to move west leaving over 750,000 acres of land abandoned (McKee, 2015). The most recent
intense drought period in Nebraska occurred in 2012-2013 when the entire state was impacted by

Koehler 5

drought and approximately 77% was categorized as D4 – exceptional drought (United States
Drought Monitor, 2020). Although D4 drought conditions did not impact Lincoln, the city was
categorized as having an extreme drought (D3), seen in Figure 2 (United States Drought
Monitor, 2020). During this drought, city residents had to deal with water restrictions due to the
dry conditions (Brocious, 2017). Both flooding events and drought events threatened the water
supply to Lincoln as well as affected other areas such as crop production, the economy and more
(U.S. Drought Portal, 2020).

Figure 2: U.S. Drought Monitor map displaying the most intense part of the 2012-2013 drought
in Nebraska (United States Drought Monitor, 2020).
Lincoln’s historical experiences with extreme heat began long before the 21st century and
are likely to worsen as the current climate crisis progresses. For instance, the summer of 1936
was the warmest summer on record for Lincoln, with an average temperature of over 80 degrees
Fahrenheit (Burt, 2011). In July of that year, one night, the temperature only fell to 91 degrees
Fahrenheit (Swails, 2019). The figure below shows residents sleeping outside in an attempt to
keep cool that night.
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Figure 3: Lincoln residents slept on the Nebraska State Capital lawn on July 25, 1936 in
attempts to stay cool. That night the temperature never fell below 91 degrees Fahrenheit (Swails,
2019).
In the past, the effects of extreme heat were mainly considered in the context of
agricultural or economic loss, however this study aims to expand that consideration to include
public health. To gain insight into future issues related to warming temperatures and public
health for people living in Lincoln, Nebraska, this research will evaluate future predictions
regarding increasing temperatures and what other relevant regions do to deal with these
problems. Developing a process to take into account the systems affected would help Lincoln
become more resilient to the changing climate (Modica & Zoboli, 2016). Research conducted for
this thesis considers relevant tactics other regions use to ensure adequate health services for
populations most vulnerable to the extreme heat that will be experienced in Lincoln in coming
years. The purpose of taking a more holistic approach to future scenarios we might encounter
due to extreme heat is because it will aid in resiliency tactics, future planning and overall health
for humans living in the Lincoln, Nebraska area. Community readiness is extremely important in

Koehler 7

terms of any challenge but regarding climate change, preparation will require cooperation and
collaboration across the region (Pollock et al., 2019).
In order to tackle this topic, the research and findings will be approached as such: 1)
research background information on challenges Lincoln is currently experiencing because of the
climate crisis, 2) utilize the University of Nebraska-Lincoln’s Climate4Cities Sister City Tool
and Climate Explorer Tool to find the current location that will best reflect the city of Lincoln’s
climate in two scenarios for the years 2021-2050 and 2051-2080, 3) analyze the current heat
action plan being used in that location, and 4) formulate a summary that employs those practices
in Lincoln, Nebraska. Potential limitations to this study include not finding adequate information
on the public health practices of the sister city located on the Sister City Tool. A constraint like
this would require an expansion of the research to cover public health methods related to extreme
heat in the broader region surrounding that sister city, potentially skewing the final conclusions
slightly. In summary, this research will cover how public health will be influenced by warming
temperatures as the climate crisis progresses into the future for Lincoln, Nebraska. The findings
will then be applied to steps Lincoln’s leaders can take to protect the community from upcoming
climate threats.

METHODS
To effectively conduct this research, a multi-step process was employed. This involved
researching historical climate conditions and effects of extreme heat on the Lincoln area and
utilizing the Sister City and Climate Explorer Tools to find projected future climatic conditions
for Lincoln, Nebraska. After locating the projected Sister City that most closely resembled the
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future projections for Lincoln, research was done on the public health measures being used to
mitigate extreme heat in those cities. Finally, the methods currently being used in the Sister City
matched locations were applied to the Lincoln area in order to summarize future practices
Lincoln can make to better protect citizens from extreme heat.
First, future projections were determined for the Lincoln area using two tools – the
Climate4Cities Sister City Tool and the Climate Explorer Tool. The University of NebraskaLincoln’s Climate4Cities Sister City Tool compares historical and projected climate data to
match a location’s future climate conditions to the current climate conditions in other locations
(High Plains Regional Climate Center, 2020). This is done by taking Lincoln’s climate
projections for each scenario and identifying the city that currently has that climate. This is done
for individual variables, such as maximum and minimum temperature. The Climate Explorer
Tool was developed as a part of the US Climate Resilience Toolkit and was designed by the
National Environmental Modeling and Analysis Center (NEMAC). It uses both historical and
projected climate data to display climate trends through time (“About Climate Explorer,” 2016).
One feature of the tool uses historical and current data to track the average number of days over
90 degrees Fahrenheit and 100 degrees Fahrenheit annually for specified locations (U.S. Federal
Government, 2020). Both tools use the same downscaled projection data called LOCA
(Localized Constructed Analogs) which aids in producing estimates suitable for simulations
using a multi-scale spatial matching scheme (Pierce, 2017).
Using the Sister City Tool, the data reviewed for this study gave two timeframes: a near
future (projections for 2021-2050) and a farther out future (projections for 2051- 2080). Within
each timeframe, two scenarios were considered: emissions resulting in a business as usual
approach RCP 8.5) and emissions resulting from taking preventative measures (RCP 4.5). These
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RCPs, or Representative Concentration Pathways, are plausible scenarios for future greenhouse
gas emissions. In total, there are four RCPs: RCP 2.5, RCP 4.5, RCP 6.0, and RCP 8.5
(“Scenario Process For AR5,” 2019). These indicate the amount of radiative forcing in the future
(2100, compared to the past (1750) (NOAA, n.d.). Radiative forcing is a measure of the
difference in insolation (or sunlight) entering the earth’s atmosphere and the energy being
radiated back into space (Sherwood et al., 2015). Therefore, a higher RCP value means more
energy from the sun is being absorbed into the earth than is being radiated back into space,
causing warming. In this research, the business as usual scenario will simulate a higher emissions
scenario with greater population growth (RCP 8.5), while the preventative measures scenario
will simulate a lower emissions scenario with lower population growth and more technological
innovation (RCP 4.5).
For both scenarios, a projected Sister City was found for the average annual temperature,
the average summer minimum temperature, and the average summer maximum temperature. For
each simulation the average annual temperature, summer maximum and minimum temperature,
and projection interval was used as the independent variables, while the emission projection
scenario was the dependent variable. The average annual temperature projections were obtained
to gain an understanding of the overall expected climatic conditions, while the average summer
minimum and maximum temperature projections were used to assess future conditions during the
hottest part of the year.
Second, a review was conducted on the current public health measures being taken for
extreme heat in the locations found using the Sister City Tool. This review was done by
researching the projected Sister City’s municipal website and analyzing the comprehensive plans
and health department webpages for each city to evaluate the health and environmental aspects
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of each plan. In the event that a comprehensive plan covering heat, the environment, or health
measures was not found, the nearest city with this available information was used to gain an
understanding of the precautions the region has in place.
Third, and finally, the health precautions and infrastructure measures in place for extreme
heat at each location were evaluated and considered for a potential heat action plan for Lincoln,
Nebraska. This involved evaluating the benefits of infrastructures/programs that alleviate
extreme heat and the likelihood of those being employed in Lincoln.

RESULTS
Projection Findings
Implementing the methodology mentioned above, the following results were found. By
2050 the Lincoln Airport’s average annual temperature is projected to rise by approximately 5.6
degrees Fahrenheit under the lower emission scenario (RCP 4.5) and by approximately 6.1
degrees Fahrenheit under the higher emission scenario (RCP 8.5). This results in a Sister City
match to Abilene, Kansas and Independence, Kansas, respectively. Abilene is located
approximately 150 miles to the south of Lincoln, while Independence is located approximately
250 miles to the south-southeast. Approximately 187 miles, or a three-hour drive to the
southeast, separate Abilene and Independence.
For the 2051-2080 timeframe, the lower emissions scenario would result in Lincoln’s
average annual temperature rising by approximately 7.4 degrees Fahrenheit, while the higher
emissions scenario results in a projected increase of 9.5 degrees Fahrenheit. This results in a
Sister City match to Bartlesville, Oklahoma and, Spavinaw, Oklahoma, respectively.
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Approximately 400 miles, or about a 6 and a half hour car trip with no stops, separates
Spavinaw, Oklahoma and Lincoln, Nebraska. From Lincoln, a westward road trip this long
would get you to about Denver, Colorado in that time. A map of the projected cities for each
scenario can be seen in Figure 4.

Figure 4: The above graphic visually displays the locations identified by the Sister City tool for
the average annual temperature for both scenarios (Map Data: Google, Landsat).

In addition to looking at projections for average annual temperatures for Lincoln,
Nebraska in both scenarios, projections were also found for the maximum and minimum
temperatures during the summer. For scenario one (2021- 2050 projection), using RCP 4.5, by
2050 Lincoln’s summer maximum temperature is projected to rise 5.3 degrees Fahrenheit. With
RCP 8.5, by 2050 the summer maximum temperature is projected to rise 6.1 degrees Fahrenheit.
In the Sister City Tool, these projections aligned with Hudson, Kansas, and Jefferson, Oklahoma,
respectively. Approximately 280 miles to the southwest separate Lincoln from Hudson, Kansas
and approximately 366 miles south separates Jefferson, Oklahoma from Lincoln, Nebraska. For
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scenario two with RCP 4.5, by 2080 the maximum temperature in the summers in Lincoln are
projected to rise 7.4 degrees Fahrenheit, while for the higher emissions scenario (RCP 8.5) the
maximum summer temperature is projected to rise 9.9 degrees Fahrenheit. This results in a Sister
City match to Chickasha, Oklahoma, and Llano, Texas, respectively. Over 470 miles separate
Lincoln and Chickasha, Oklahoma while more than 820 miles are between Lincoln, Nebraska
and Llano, Texas. A map of projected summer maximum temperatures can be seen in Figure 5.

Figure 5: This image displays the locations projected in both scenarios for the average maximum
temperature in the summer (Map Data: Google, Landsat).

Regarding minimum temperatures during the summer, for scenario one with RCP 4.5, by
2050 Lincoln’s minimum temperature in the summer is projected to rise 4.3 degrees Fahrenheit
which matched to Abilene, Kansas. For an RCP value of 8.5, by 2050 the minimum summer
temperature is projected to rise 5.0 degrees Fahrenheit resulting in a Sister City match to Ponca
City, Oklahoma. Approximately 155 miles separate Lincoln from Abilene and over 360 miles
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separates Lincoln from Ponca City, Oklahoma. For scenario two with the lower emissions
scenario, by 2080 Lincoln’s summer minimum temperature is projected to increase 6.1 degrees
Fahrenheit, while the higher emissions scenario results is projected to increase 8.5 degrees
Fahrenheit. These projections result in a Sister City match to Enid, Oklahoma, and Little Rock,
Arkansas, respectively. Approximately 400 miles separate Enid, Oklahoma and Lincoln,
Nebraska and over 600 miles separate Little Rock from Lincoln. A map of the projected summer
minimum temperatures can be seen in Figure 6 and a review of all of the projected temperatures
can be seen in Table 1 and compared in Figure 7.

Figure 6: This graphic displays the locations found using the Sister City Tool for the average
minimum summer temperature for both simulations (Map Data: Google, Landsat).
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Table 1: Projected temperatures for both the near future scenario (2021-2050) and the farther out
future scenario (2051-2080) summarized (U.S. Federal Government, 2020) (National Centers for
Environmental Information, 2010).
City and
projection
scenario
Lincoln, NE
(current normal
1981- 2010)
Lincoln, NE
(lower
emissions
2021-2050)
Lincoln, NE
(higher
emissions
2021-2050)
Lincoln, NE
(lower
emissions
2051-2080)
Lincoln, NE
(higher
emissions
2051-2080)

Summer
Minimum
Temperature
(degrees F)
63.6

Average
Annual
Temperature
(degrees F)
51.6

Summer
Maximum
Temperature
(degrees F)
86.7

Days
Days
over 90
over 100
degrees F degrees F
59

10

67.9
(Abilene, KS)

57.1
(Abilene, KS)

92.0
(Hudson, KS)

70

14

68.6
(Ponca City,
OK)

57.6
92.8
(Independence, (Jefferson, OK)
KS)

78

17

69.7
(Enid, OK)

58.9
(Bartlesville,
OK)

94.1
(Chickasha, OK)

79

20

72.1 (Little
Rock, AR)

61.0
(Spavinaw,
OK)

96.8
(Llano, TX)

102

40
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Figure 7: Summary of the current normal, projected normal in 2050 under the higher emissions
scenario (RCP 8.5), and projected normal in 2080 under the higher emissions scenario (RCP 8.5)
for the average temperature, maximum temperature, minimum temperature and precipitation for
Lincoln, Nebraska (High Plains Regional Climate Center, 2020).
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Document Review
With the future projections and Sister City locations determined, the next step was to find
and review city plans that document actions on extreme heat. A recent finding released by the
Woods Hole Research Center determined that the RCP 8.5, or higher emissions scenario, is the
most accurate pathway to conduct climate assessments (Woods Hole Research Center, 2020).
For this reason, information for a climate action or resiliency plan was found for an area nearest
to both cities produced from the RCP 8.5 average annual temperature scenarios. Using the RCP
8.5 scenario, by 2050 Lincoln’s average annual temperature would be most like Independence,
Kansas. Independence is a small town with sparse available information on infrastructure and
community services, however Pittsburg, Kansas, which is more than double the size of
Independence, has an environmental plan, and is only 65 miles east. Pittsburg, Kansas is home to
over 20,000 people (“Pittsburg, Kansas City Data,” 2017) and typically experiences hot, humid
summers and cold winters because of the temperate but continental climate (McNamee &
Pearson, 2020). In result of the climatic nature of the region, Pittsburg has extreme weather
plans, a wastewater and water treatment plan to ensure availability to clean water, and a list of
public utilities available to the public, but has no available information on extreme heat measures
(City of Pittsburg, 2020).
For the 2080 RCP 8.5 scenario Spavinaw, Oklahoma did not have a climate plan or
available environmental information. However, Siloam Springs, Arkansas is within 45 miles of
Spavinaw and it had some available environmental information. This area experiences mild, wet
winters and dry, warm summers. Specific to this area, Siloam Springs lies in the Sager Creek
Watershed and is prone to flooding (“2030 Comprehensive Plan,” 2008). The city has a
designated Floodplain Administrator to keep track of flooding hazards and direct development so
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new city projects are not built in high flooding areas (“2030 Comprehensive Plan,” 2008). In
addition to flooding precautions, the city also has wastewater management plans in place and
water availability and quality plans but made no mention of specific measures to mitigate
extreme heat for its citizens (“2030 Comprehensive Plan,” 2008).

DISCUSSION
After reviewing municipal websites and comprehensive plans it was evident that actions
on extreme heat are not present in many city plans. Although the risk of heat-related mortality
and disease is increasing, many cities have inadequate or no extreme heat response plans
(Bernard & McGeehin, 2004). Only a handful of the largest cities in the United States have
formal plans for heat response including Houston, Texas. Houston’s plan comes into effect when
the heat index reaches 108 degrees Fahrenheit on two consecutive days. The plan includes
National Weather Service updates for excessive heat advisories in the Houston area, advisories to
stay inside air-conditioned buildings and drink water during the hottest part of the day, cooling
shelters for those without access to an air-conditioned space, and a hotline to call for heat-related
illness information and transportation to cooling shelters (City of Houston, 2003).
According to the CDC, extended periods in extreme heat can trigger heat stress like
strokes, respiratory problems, and even death (“Climate and Health Program,” 2020). Once the
temperature reaches 91 degrees Fahrenheit or higher, precautions need to be taken against heat
exhaustion and heat stroke (“Heat Exhaustion,” 2017). Given our projected increase in high heat
days (number of days over 90 degrees Fahrenheit in Table 1), future preventative measures need
to be considered to combat this. The CDC recommends that early warning heat wave notification
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systems are implemented, cooling shelters are open to the public in high heat periods, drinking
fountains, swimming pools or spray pads are accessible, urban forests are planted to prevent heat
islands, and building codes are monitored to ensure energy efficiency and insulation during high
heat times (“Climate and Health Program,” 2020). Although the sister cities did not reveal
municipal precautions regarding heat, there is opportunity for Lincoln to be proactive towards
the issue of extreme heat, especially with the release of the draft 2020 Lincoln Climate Action
Plan. This plan identifies future risks to Lincoln, Nebraska due to changes in the climate and
mentions the threat of extreme heat on the population (“2020 Climate Action Plan Draft,” 2020).
Although this plan does not lay out the exact logistics for actions to take against extreme heat,
with the information known about the city, the recommendations from the CDC and examples of
heat action plans from other cities, Lincoln will be able to formulate an all-inclusive extreme
heat response plan. This plan would signify a shift towards resiliency for the future of Lincoln
and would continue to ensure that Lincoln can adapt to account for future obstacles.

CONCLUSION
By using multiple databases and online tools, this research was able to grasp the
approximate extent of future threats from extreme heat for people living in the Lincoln, Nebraska
area. This review employed both the Climate4Cities Sister City Tool and the Climate Explorer
Tool to gather information on climate projections for a near future scenario (2050) and a farther
out scenario (2080). The findings showed that under the higher emissions scenario (RCP 8.5), by
2050 Lincoln’s average annual temperature would increase by approximately 6.1 degrees
Fahrenheit and by 2080 Lincoln’s average annual temperature would increase by approximately
9.5 degrees Fahrenheit. In addition to these findings, the summer minimum temperatures,
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summer maximum temperatures, and the number of days over 90 and 100 degrees Fahrenheit
were projected to increase resulting in hotter summers with more extreme heat (as seen in Table
1). According to the CDC, temperatures over 91 degrees Fahrenheit or extended periods of heat
are when heat-related illnesses are a high risk (“Heat Exhaustion,” 2017). Considering the future
projections for Lincoln’s temperatures, heat action plans need to be employed. The draft 2020
Lincoln Climate Action Plan provides a critical piece in identifying high risk populations and the
dangers of extreme heat. This plan provides an opportunity to implement a heat action plan
specific to the Lincoln area using CDC recommendations and other formal heat response plans
used by cities as a guide.
Recommendations for further research into this topic would be to expand more on
temperature projections in the summer as these are typically the hottest months of the year.
Given more time, this study could look into more of the implications of the projection results for
the summer months and potentially expand the review to areas beyond public health, such as the
economy and agriculture. Regardless, extreme heat is going to occur more often so plans and
infrastructure need to be in place to minimize loss during those periods of heat.
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